The static collapse model of carbon fiber composite material and steel roof of a domestic blade electric vehicle was established respectively through the finite element software--Hyperworks. The relationship between the pressure of the pressure plate and the collapse depth of the roof was calculated by using the ls-dyna solver. The results show that the carbon fiber composite has better protection to passengers than the steel roof, and has achieved obvious lightweight effect. In order to obtain the optimal protective layer method for the occupant, the static crushing simulation comparison was carried out on the composite roof of four classical layer methods [0/45/-45/90] 2s , [0/90/45/-45] 2s , [45/45/0/90] 2s and [45/45 /90/0] 2s , the results showed that the [45/-45/90/0] 2s method is superior to others as adopted in the layer mode.
Introduction
Automobile energy saving, emission reduction and lightweight are the current research hot spots. Composite material has the advantages of low density and high strength, so its scope of application has been continuously promoted, and it has been widely used in the design and manufacturing of engine cover, front and rear bumper, interior decoration and plate spring and other parts [1] .This article uses the finite element software--ls-dyna 58 material model to define the carbon fiber composite materials. The feasibility of the application of carbon fiber composite materials in the roof of the car is analyzed, which has a good promoting effect on reducing fuel emission, reducing environmental pollution and improving safety, and lays a certain foundation for the extensive research on the lightweight of blade electric vehicle roof.
Static crushing test of the roof
The death rate from rollovers is the highest of all accidents, mainly caused by vehicles with higher chassis, such as SUVs, driving off the road or turning at high speed, the roof under impact load will deform greatly and invade the passenger room as rolling over, making the living space of passengers become smaller and easy to cause harm to passengers [2] . Intensive research works revealed that weak roof strength is the direct cause of head and neck injuries. Currently, the U.S. federal safety standard FMVSS 216 of motor vehicle is used to evaluate the roof strength of electric vehicles， the platform rollover test of FMVSS 216 is widely used in the United States. Although the research on passive safety in front collision, side collision and rear-end collision has been developed rapidly in China, none of them involves the research on the roof strength of electric vehicles.
During the test, the body was placed on a rigid plane and the roof was pressed with a rigid plate of 762 mm ×1829 mm .The top contact point is on the center line of the lower surface of the loading device and 254 mm away from the front of the rigid plate. Its diagram is shown in figure 1 , the angle named the rolling Angle between the rigid plane and the y axis at the vehicle coordinate is 25 °， while pitching Angle is 5 .The regulation requires that when the pressure of the rigid plane reaches 1.5 times of the whole vehicle equipment quality or 22240 N (taking the smaller of the two), the displacement of the rigid plane shall not exceed 127mm. Figure 2 shows the finite element model of the static roof collapse. For simulating the rigid plane, a rigid wall is created in the body finite element model and the plane is pressing down along its normal direction at a 1m/s constant velocity. The relationship between pressure of the rigid plane and collapse depth of the roof is analyzed. All degrees of freedom below the threshold on both sides of the vehicle are constrained. The displacement parameter of the rigid plane is set up as 120mm in this simulation. LS-DYNA solver was used to solve the finite element model. The whole vehicle equipment quality is 1155 Kg, then the pressure of the rigid plane should reach 16979 N. Figure 4 gives the simulation compression curve of static roof collapse.That is the relationship between the pressure of the rigid plane and the crushing depth of the roof. When the pressure of the rigid plane reaches 16979 N, the crushing depth of the roof is 32.18 mm, which can be seen from figure4. In addition, when the crushing depth increased from 32.18 to 120 mm, the pressure values is always greater than 16979 N. Hence, the roof strength of the car can meet the requirements of FMVSS 216 standard. 
Simulation analysis and comparison of static roof collapse 3.1 Simulation analysis of steel roof static collapse

Simulation analysis of Carbon fiber composite roof static collapse
In order to ensure that the rest structure of the electric vehicle and the body structure shape does not change. In this paper, the size of carbon fiber composite roof structure is consistent with that of the original vehicle. The carbon fiber composite was epoxy resin based carbon fiber reinforced composite T700S C 12000 (Toray Industries in Japan). The mechanical properties of the composite are excellent. As compared with steel, it has the physical characteristics of high specific strength, high specific modulus and low density. At the same time, it is not easy to produce chemical corrosion reaction with the substances in the air [3] .
The related material parameters of T700S C 12000 are listed in table 1(Note: Gab, Gbc, Gca respectively represent three different directions of x, y and z under the reference coordinate ) [4] . The layer design of composite materials should follow relevant principles to play the best effect of carbon fiber composite materials [5] . The layer mode in this paper is [0/45/-45/90] 2s , the thickness of single layer is 0.125mm, and the total thickness of the roof is 2mm. The mass of composite roof is 5.006Kg, which is 45.4% less than that of steel material.
The deformation of the carbon fiber composite roof during the static crushing period ( 30ms 、 60ms 、 90ms、120ms) is as follows： When the pressure of the pressure plate reaches 16916N, the collapse depth of the roof is 28.23 mm, which can be seen from the figure 6. In addition, when the crushing depth is between 28.23 mm and 120 mm, the pressure value exceeds 16916 N. Therefore, the roof strength of carbon fiber composite material can also meet the requirements of FMVSS 216. Figure 6 the compression curve of carbon fiber composite roof static collapse When the pressure of the pressure plate reaches 1.5 times the mass of the electric vehicle, the displacement of the pressure plate applying on the steel and carbon fiber composite roof is 31mm and 28.5mm respectively. The carbon fiber composite roof is less deformed than the steel roof to reach the required load size，which shows that the carbon fiber composite roof has better compressive strength.
Simulation analysis of Layer optimization
On the basis of previous research on composite layer optimization [6] 
conclusion
In this paper, carbon fiber composite is used as a new material to replace steel roof for blade electric vehicle. In line with the requirements of relevant laws and regulations, not only carbon fiber composite has better performance than steel roof for passenger protection, but also it is 45.4% lighter than steel. Four classical layers were used to study the layers of composite materials. The simulation results show that the four different methods have a little effect on the static collapse of the roof. When the materials are applied in the layer mode of [45/-45/90/0]2s, the safety protection of passengers increases by 0.7% than [0/45/-45/90]2s.
